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Synopsis
While the aging society IS In progress, it is necessary to improve as rapidly as possible the walkway
environment in the design of walkway pavement giving priority over the environment where the aged or
disabled people are able to go out without any anxiety. In this study with the running of a wheelchair by the
aged people, the thrust applied onto the hand limb of the wheelchair was measured, and furthermore the
influence of "the transverse gradient of a walkway," "longitudinal gradient of a walkway," and "the depth of
the step" to be exercised on the running of the wheelchair is examined. Concurrently with this, observation
is made with an adequate region of the gradient or depth of the step and the structure of the walkways
applicable to the walkway environment required for the aged people to walk on by combining the result of
the influence on the running referred to above with the evaluation result by the aged people using
wheelchairs.
KeyWords: Wheelchair, Aged people, Disabled people, Transverse gradient,
Longitudinal gradient, Depth of the step, Walkway, Universal design
1. Introduction
As a policy for the welfare in our country, the environment improvement complying with rapid progress
of the aging society and the construction of the environment where even the disabled people can
aggressively make entry into the society is becoming an urgent necessity. The aged people of more than 65
years old account for 17.3% of the total population in this country to the date of October 1, 2000, and the
number of the aged is more and more increasing. In 2015, the number will become 31,880,000. Thus the
nation will see arrival of the extremely-matured society where the elderly account for 25% of the whole
nation. I) Not only by maintaining the vitality of the regional society where maturity is in progress but also
by improving the autonomous society where the aged or the disabled people are allowed to participate in the
social activities together with improvement of the space where living is established with the aged or the
disabled people and the environment of the space, realization of the society of welfare where every citizen
can keep their daily life without any anxiety is desired.
In connection with the purpose of the walkway environment, it is necessary to reform the walkway
structure as soon as possible considering as the top priority the environment where the aged or disabled
people can go outdoors without any anxiety standing on its premise with a view to respond to the said
requirement. Especially in case of the pedestrians run
ning on wheelchairs on the walkway, it is imagined that compared with the movement on foot, the
wheelchair users are strongly subjected to the danger of the obstacles in traffic caused by the walkway
structure such as the gradient of the walkway, depth of the step, etc.
This study observes adequate ranges for the aged people using wheelchairs by examining the influence of
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Table 1 Wheelchairs in nursing care facilities
wheelchairs owned total
Facility in stock wheelchairs number
(unit) ( unit) (unit)
A 54 17 71
B 33 32 65
C 68 21 89
average 30 ~ 70 20 ~ 30 65 ~ 90
@ Transverse gradient of the general part of
83 %the walkway
(J) Longitudinal gradient of the general part
83 %of the walkway
® Vibration of the running wheelchair
73 %owinl! to ...
® Material easy to slip and slippage of the
63 %steep gradient part
() Vehicle drive-in part
() Vertically cut down periphery
general
par t of the
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I
Longitudinally General
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amfer
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Figure 1 Vertically cut down periphery, vehicle
drive-in part, and depth of the step
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Table 2 The aged people's grip 2)
mean value of mean value
Age the grip (kg) -26 kl!)
male female male female
1st half of the 40s 47.7 30.0 34.9 20.3
2nd half of the 40s 46.1 29.0 33.3 19.6
1st half of the 50s 44.3 27.7 31.5 18.4
2nd half of the 50s 42.0 26.3 29.2 16.9
1st half of the 60s 39.3 24.5 26.3 14.6
2nd half of the 60s 36.5 22.3 23.0 11.5
70s 34.8 20.9 21.0 9.1
Table 3 Nursing official's opinion on the proble
-matic oints of the walkwa s at resent
the fundamental structure of the walkways such as the "transverse gradient of a walkway," "longitudinal
gradient," and "depth of the step between the roadway and the walkway to be exercised on the wheelchair.
2. Usage of the Wheelchairs by the Aged People and its Problematic Points
In the nursing care insurance system executed in April 2000, wheelchairs are as daily utensils to be lent to
persons of more than 65 years of age who are provided with permission for nursing care. Meanwhile in the
hygienics facilities of the elderly as well, approximately 30 -- 90 wheelchairs are in stock per 100 persons
in the facility as can be deduced from Table 1. Thus it is understood that approximately 65 -- 90
wheelchairs are always used because the wheelchairs that are to be lent thanks to the nursing care insurance
system are added to the ones in stock in the facility.
As seen above, it is quite natural, it is believed, to lend wheelchairs as auxiliary utensils to the aged people
in consideration of the danger of toppling by walking or paralysis syndrome caused by diseases. Contrarily
to the expectation, there is a tendency, as can be deduced from the investigation results in Table 2, that as
people grow older, the gripping force of both of their hands becomes weaker together with lowering of their
physical nerves. Therefore the aged people cannot manipulate their wheelchairs satisfactorily in accordance
with their willingness as healthy ordinary person can. Meanwhile wheelchair using practices are done
outdoors as well in hygenics facilities of the elderly, but almost all of the nursing care officials point out
that the gradient of the walkways or depth of the step is now a serious obstacle, and such environment never
allows wheelchairs to pass through the walkways provided that the environment continues to remain as now
it is.
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In Table 3, problematic points obtained as a result of the research requested for the nursing care officials
are explained in case that the aged people are allowed to be seated on the running wheelchairs on the
existing walkways. The total number of the nursing care officials who were asked to respond to the research
is 6 in 3 facilities. By e~hibiting all the problematic points in a style of multiple-choice questions without
restricting the number of the extraction from the problematic points, the officials were asked to give
evaluation of 5-step ranging from 1 to 5 (the most important grade) in connection with the individual
degrees of importance. The percentage to the sum of the points of the evaluation out of a possible 30 (5
pointsx6 persons) was tabulated in the table as the degree of importance of the individual problematic points.
The point all the officials regar~ed as the most dangerous factor among the results obtained in the research
was the problematic point CD, Le. the fact that there is a danger that on the "vertically cut down periphery"
of the road where swiveling of the transverse gradient is steep enough, the aged people whose gripping
forces are weak are liable to rush out into the street without almost being able to uphold their wheelchairs.
Meanwhile with respect to the problematic points @ .........@ as well, it is pointed out that the aged people's
range of activities was exceedingly narrowed because such points could not be ignored.
3. Conventional Study
( 1) Conventional Study Concerning the Transverse Gradient of the Walkways
Motoda et al.,3) who have been engaged in the study of transverse gradient of the walkways, have
conducted an experiment in a manner as follows: A healthy ordinary person and a disabled person using a
wheelchair were designated as test persons, and the vehicle drive-in part was allowed to run. Thus the
researchers have made judgment that when the walkway has transverse gradient, manipulation of the
wheelchair becomes difficult.
May et al.4) have conducted an experiment in a manner as follows: A disabled person using a wheelchair
was allowed to run on a segment with the transverse gradient 0-6%, and drainage gradient was in
consideration. Thus the researchers have reached a conclusion that the adequate transverse gradient is 2%.
On the other hand, Nakagawa et al.5) have conducted an experience in a manner as follows: A healthy
ordinary person who was regarded as a test person was, first of all, seated on a wheelchair. Secondly he was
allowed to run on a segment with a transverse gradient 1 ......... 4%. From the average evaluation point obtained
from the above procedure, the researchers have made proposition that "the design gradient should be
approximately 2%."
Furthermore Nakagawa et al.6) conducted another experiment in a manner as follows: A healthy ordinary
person who was regarded as a test person was, first of all, seated on a wheelchair. Secondly he was allowed
to run on a segment with a gradient of 0 ......... 4%. Thirdly from the image analysis results brought about from
video cameras, the deviation caused by meander and the runout angle of the running complying with the
direction of the person's walking were obtained. Concurrently considering the results of the concept research,
the researchers have concluded that "the desirous transverse gradient in the wheelchair running is
approximately no less than 2%."
Yoneda et al.7) have made an experiment in a manner as follows: A healthy ordinary person, who was
designated as a test person, was seated on a wheelchair for measurement, and the force applied onto the
hand limb of the wheelchair was measured. Thus the researchers have made observation of the feeling for
the burden of the applied force with respect to the transverse gradient of 3%.
Motoda et a1.3) and Nakagawa et a1.5),6) expressed their opinion by taking up a healthy ordinary person as a
test person. Meanwhile although May et a1.4) take up disabled people as test persons, their opinion is
subjected to the influence of drainage gradient. Therefore judging from the present situation where
technology of walkway permeability pavement is developed, there might be, it is imagined, a possibility that
another opinion will come out.
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In this study, aged persons whose running ability, when they are seated on a wheelchair, has considerabl.y
low distribution in comparison with the median of the healthy ordinary persons or the disabled persons IS
taken up as test persons. Thus an adequate range for the walkway transverse gradient is examined.
Meanwhile by not measuring the forces applied on the hand limb of the wheelchair exclusively by a specific
transverse gradient as Yoneda et a1.7) did, measurement of 7 types of transverse gradients ranging from 0 to
8% was made. By investigating the result brought about from the above combined with the running
evaluation by the aged persons, the authors' report8) previously released was expanded.
( 2) Conventional Study Concerning the Longitudinal Gradient of Walkways
In connection with the longitudinal gradient of a walkway, Sadoyama et al. have conducted an experiment
in a manner as follows: A disabled person using a wheelchair, who was designated as a test person, was
allowed to run on a slope of 15m, and hill-ascending time, velocity, floating of the caster, change in
electromyogram, heart rate, etc. were analyzed. With the result of the analysis and the consequence of the
concept research, the researchers have made judgment that the limitation value of the longitudinal gradient is
7%.
Motoda et al.8) have conducted an experiment in a manner as follows: A healthy ordinary person and
disabled person using a wheelchair, who were designated as test persons, were allowed to run on a
transverse gradient part of around 3%. Thus the researchers have made observation that not only in
self-running but also cared running, "the velocity itself will be lowered in comparison with the case of the
flat part."
On the other hand, May4) et al. have conducted an experiment in a manner as follows: A test person using
a wheelchair was allowed to run on a segment of transverse gradient 0-9%. Thus the researchers have made
observation that as the transverse gradient where passage is possible with 80% of the test persons, the
distance where running is possible in case of hill-ascending is 160m, whereas the distance in case of
hill-descending is 30m.
Furthermore Yokoyama et al. 10) have conducted an experiment in a manner as follows: By designating a
healthy ordinary person, his wheelchair was allowed to run on a straight line and was furthermore allowed to
make line avoiding running. In addition, deviation of the running position in case of ascending and
desce~ding together with the angle in a direction of the person's walk complying with the longitudinal
direction were obtained. Thus the researchers have made a conclusion that "the transverse gradient of the
walkway where easy passage is made possible has 5% of upper limit" and "the distance where passage is
possible in case of 5% is 25m."
A healthy ordinary person or disabled person is designated as a test person in these studies, but adequate
regions complying with the walkway transverse gradient has been examined designating the aged people
having considerably low distribution in running ability with wheelchairs when they are seated on the
wheelchairs compared with the median of the healthy ordinary person or disabled person.
( 3) Conventional Study Concerning the Depth of the Step of the Walkway
Yoneda et al. have conducted an experiment in a manner as follows: A healthy ordinary person, who was
seated on a wheelchair, was designated as a test person, and the force applied onto the hand limb of the
wheelchair was measured by a wheelchair for measurement. Thus the researchers have made observation
with the feeling of the burden of the force in relation to the depth of the step of 20mm.
Without evaluating a specific depth of the step, 5 types of measurement of the square part whose chamfer
is rectangular and 1:1 -.,., 1:8 was made in this study with respect to the 3 types of 10 -.,., 20mm. By
examining the result brought about from the above and the running evaluation by the aged people combined
with each other, the study described in previous report12),13) has been expanded.
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4. Purpose of this Study and Experimental Method
( 1) Purpose of this Study
In this study from the problematic points of the walkway at present referred to previously, it is considered
that it is necessary to construct environment where the aged people using wheelchairs can go out without
any anxiety. Thus experiments have been conducted taking up the aged people as major test persons, and the
influence of the fundamental structure such as the "transverse gradient of the walkway," "longitudinal
gradient of the walkway," "depth of the step between the roadway and the walkway," etc. to be exercised on
the wheelchair is examined. Thus for t~e aged people using wheelchairs, observation is made with adequate
ranges of such factors of the fundamental structure.
( 2) Selection of the Wheelchair Users as Test Persons
Variety is noticed with the wheelchair users, ranging from such persons as have high running ability to
enable them to participate in wheelchair users' competition to such persons as have almost none of ability to
manipulate their wheelchairs and require nursing aid. From this reason, it is anticipated that the experimental
results might be different greatly depending on selection of the test persons. This study aims at constructing
the environment where the aged people using wheelchairs can go out without any anxiety, and most of the
test persons are therefore the aged people.
Details of the test persons as wheelchair users can be deduced from Table 4. The test persons are those
people who find it, needless to say, not difficult at all to run independently. By combining the habitual users
of motor-driven wheelchairs with those persons who use wheelchairs on an occasion and walk on another
occasion, 40 people of 65 -.... 77 years old were selected.
To inspect the ability of the said 40 people of high age to allow the wheelchairs to run, "the 50m-running
of the wheelchair users" in Sadoyama et al.'s study9) was conducted. Furthermore from the distribution style
of the required time, the running ability of the wheelchairs of the aged people was tested.
Figure 2 shows the styIe of the distribution of the required time by the 53 inmates using wheelchairs of the
National Disabled People's Center in Sadoyama et al.'s study. It is believed that these inmates are being
provided in the center with manipulation training of the wheelchairs for the purpose of returning to normal
society.
Depicted in Figure 3 is the distribution style of the required time with the said 53 inmates expressed in
percentage by a graph of broken line. In the same figure, the distribution styIe of the 19 male students as
test persons in Yokoyama et al.'slO) study and 40 aged people in this study expressed in percentage is shown.
In addition, the style was at the same time shown by a bar graph.
From Figures 2 and 3, the problematic points shown below were observed.
CD Exceedingly wide dispersion is noticed with the disabled people's running ability, and the maximum
5-time difference is seen with the required time. This has resulted from, it is considered, possible difference
between those persons who are healthy enough in their upper half of the body and the persons who are in a
benumbed state in their whole body.
® The male students' running ability is rather high in the distribution of the disabled people, but it is
understood that approximately 60% of the ability can narrowly be exhibited when it is compared with the
80% of the group which is comprised of those disabled persons having the highest running ability. This is
due to the fact, it is implied, that the upper half of the bodies of the students has been trained in a
concentrated manner, and the running ability of the wheelchairs has remarkably been heightened thanks to
the manipulation training in the center.
@ The aged people's running ability is considerably low in comparison with the disabled persons' median. It
is understood that even if compared with that of the group of the disabled persons whose running ability is
the lowest, the median of the aged people has the ability of just approximately 120%.
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From the above results, it is explained that the aged people's running ability of wheelchairs is lower than
that of the healthy ordinary persons or the disabled persons.
( 3) Wheelchair Used for the Experiment
In this study, measurement was made in accordance with the following procedure. A torque converter was
at first equipped with the right and left driving wheels of the automatic wheelchair having the specifications
shown in Table 5. Secondly the force applied onto the hand limb (hereafter called thrust) was converted into
the driving torque. The weight of the wheelchair with the measurement device was approximately 19.1kg.
( 4) Running Course for the Experiment
In the experiment conducted to examine the influence of the transverse gradient to be exercised on a
wheelchair, a running course exclusively having transverse gradient devoid of longitudinal gradient is
desirous. However with the existing roads, it is difficult to efface the influence of the longitudinal gradient,
and therefore a running course with longitudinal gradient 0% was constructed by walkway asphalt pavement
using fine-grained ascon for this study. Meanwhile in consideration of the general vehicle drive-in part,14)
the width and length of the course in question were determined to be respectively 2.5m and 6m. The
transverse gradients were comprised of the 7, i.e. 0%, 1.0%, 1.5%, 2.0%, 3.5%, 5.0%, and 8.0%. In this
connection, segments with transverse gradient 1.0%, 1.5%, 2.0%, and 2.7% and 50m were selected with the
existing walkway for the running experiment.
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Table 4 Test persons
Automatic Wheelchair Total
Facility wheelchair and number of
llsed walking te~t oersons
Facilitv A 1 2 14
Facilitv B 8 1 9
Facilitv C 14 3 17
Total 34 6 40
Time required for 50m running (sec)
~IO test persons selected
10 20 30 40 50 60 70
Time required for 50lIl running (sec)
Table 5 Specifications of the wheelchair used
for the experiment
front rear
weight wheel wheel total total total
diame- diame- width height length
ter ter
13.5 6.0 22.0 65.0 85.0 100.0
(keJ finch) (inch) (em) (em) (em)
seat frontal leg rear reclin-
seat seat depth er
width heiah lenath heiaht width
43.0 43.0 34.0 40.0 40.0 40.0(em) (cm) (cm) (cm) (cm) (cm)
Figure 3 Time required for SOm running of wheel-
chairs (disabled people / aged people /
healthy ordinary persons)
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Figure 2 Time required for SOm running of
wheelchairs (disabled people) 9)
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Furthermore in the experiment to inspect the influence of the longitudinal gradients, 6 types of the running
courses with the length of more than 15m including 5m auxiliary running distance10) having the
longitudinal gradient 0%, 2.0%, 5.0%, 6.8%, and 12.0% were selected taking up the paths in the buildings as
a pivotal point.
In the experiment to examine the influence of the depth of the step, chamfering was made with the corner
with the walkway and roadway boundary stone on the walkway vertically cut down periphery at present.
However to efface the influence caused by the method of chamfering, the square periphery of the depth of
the step was made rectangular. Furthermore with the range of the depth of the step (10-20mm) presently
used as a standard type of Mini~try of Land, Infrastructure, and Transport in the regional autonomous bodies
as a pivotal point, rectangular depth of the 4 steps, i.e. 5mm, 10mm, 15mm, and 20mm were made of wood.
Meanwhile to examine the influence of chamfering, chamfer of gradient 1:1-1:8 was likewise made.
5. Result and Observation of the Experiment with which the Influence of the Transverse Gradient
was Examined
( 1) Result of the Measurement of the Thrust
Figures 4 through 10 show the result of the measurement of the thrust obtained by the running of the
transverse gradient on the individual segments of 0-8.0%. A man of the weight 77kg, tallness 164cm, and
age 69 years was a test person.
Figure 4 depicts the waveform in case that the transverse gradient is 0%. The dotted line indicates the
thrust of the right hand, whereas the solid line indicates the thrust of the left hand. It is understood that in
case that the transverse gradient is 0%, the thrust of the right hand as a more skillful helper to man than the
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Example of the waveform in case
the transverse gradient is 0 %
Figure 5
Example of the waveform in case
the transverse gradient is 1.0 %
Figure 6
Example of the waveform in case
the transverse gradient is 1.5 %
1\ n
I f\ A I I' 1\ A
.... 1\ 1\ I I 11 T
~ f I JJ [. l·"~ IJ \ f
~~J Lllt ~L':L J \ Jl. 1.1\_ L.L
_.
••••• Upside
- Downsid
345
Tim e (sec)
140
120
-100! 80
.,a 60
III 40
::I 20
; 0
f-o-20
-40
-60
o 3 4 5
Tim e (sec)
140 ~-.----,--r--------r-~--r---r-----,
120 1---+--------+--+-~-+______+-_+__--1
gl~~ 1----l------+----A--+--r-+---A--+--fI.-_____+-+---1
.,a 60 1---~~--++-+--A-+-l+--+4I---+-..j_~-____j
V) 40 f-------+t-- +--+-+ +---+---'I-+--+-~-+-H---+--H­
::I 20 1--~-+_+--+--t---+-J-.+-+f-+-~_____+.J+-_J+_---I-1
~ O....w---~~~~~NI:.+_l~~~l¥!-1
f-o -20 ~-+------l-
-40 --+---. ----t---+----+-~+__-----J--.-----J
-60
o
140 1 .,120 I ~l'--+-----+---+---- -I-._-+--+---~
-l°OF t~ fl A I..! 80 --T-- II 11 I /I 1~ . { I J
: 40~ I. 7 7 1 7
::I' I.: \ Iff J I~ 20 .Jj \ J l f J .I .-J .I :
..c:: -2~ ! • ': .:...,~ reo ....-;.... 0 1" t
f-o -40 .1 00. •... l
-60 : ... Vpside l - Downside
o 1 3 4 5
Tim e (sec)
Figure 7
Example of the waveform in case
the transverse gradient is 2.0 %
Figure 8
Example of the waveform in case
the transverse gradient is 3.5 %
Figure 9
Example of the waveform in case
the transverse gradient is 5.0 %
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Figure 10
Example of the waveform in case the transverse
gradient is 8.0 %
left hand becomes slightly greater.
Figure 5 depicts the waveform in case that the transverse gradient is 1.0%. Likewise the above, the dotted
line indicates the thrust of the right hand, whereas the solid line indicates the thrust of the left hand.
However for the transverse gradient, the right hand indicates the side of the crest (the upper half of the
gradient), whereas the left hand indicates the side of the trough (the lower half of the gradient). From this
reason, the influence of the skillful helper hand is effaced, and the thrust in the side of the trough (the left
hand) to which load is liable to be applied becomes slightly greater.
Figure 7 depicts the waveform in case that the transverse gradient is 2.0%. It is understood that the thrust
in the side of the trough to which load is liable to ~e applied becomes exceedingly great in comparison with
the thrust in the side of the crest.
Figure 8 depicts the waveform in case that the transverse gradient is 3.5%. Although the thrust in the side
of trough is increased more than in case that the transverse gradient is 2.0%, the thrust in the side of the
trough is on the other hand shifting in a small width in the vicinity of zero. This reveals, it is understood,
that when the transverse gradient is 3.5%, almost all the load is upheld in the side of the trough.
Furthermore Figure 9 depicts the waveform in case that the transverse gradient is 5.0%. The thrust in the
side of the trough is increased more than in case that the transverse gradient is 3.5%. On the contrary, the
thrust in the side of the crest is denoted by minus (the thrust in a reverse direction of the wheelchair rider's
walk). To prevent the wheelchair from being deviated from its regular course, it is understood that brake is
applied to it in the side of the crest.
Figure 10 depicts the waveform in case that the transverse gradient is 8.0%. The thrust in the side of the
trough is increased more than in case that the transverse gradient is 5.0%. On the contrary, the degree of the
minus of the thrust becomes exceedingly great. This is due to the fact that the wheelchair is deviated from
its regular course greatly more than in case that the transverse gradient is 5.0%, resulting in application of
brake by a greater force.
From the measurement result referred to above, it is understood that when the transverse gradient becomes
more than 2.0%, the thrust in the side of the trough acts on the gradient exceedingly hard in comparison
with the thrust in the side of the crest bringing about destruction of the balance. Thus there is a possibility,
it is apprehended, that increase of the gradient will become burden for the aged people.
( 2) Alignment and Observation of the Result of the Measurement of the Thrust
The thrust as a cause to allow a wheelchair to proceed is, as shown by Figure 11, different dependent on
the velocity to allow the wheelchair to proceed. To attain high velocity, powerful thrust is required. On the
other hand, the required thrust is different dependent on test person's conditions including weight of his/her
body. Therefore with the mean value of the maximum thrust (the top of the wave) of right and left in case
that the velocity as the mean value of the aged people's running velocity in the experiment of this time is
approximately 3.0km/h as a standard, the thrust of the individual gradients was evaluated. In case of the test
person in Figure 11, the standard thrust was 72.6N. In this connection, the percentage of the individual
thrust measurement values to the standard thrust referred to above shall be called the degree of the thrust.
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Figures 12 and 13 show a relation between the degree of the thrust in case that the transverse gradient is
0%, 1.0%, 1.5%, 2.0%, 3.5%, 5.0%, and 8.0% and the running velocity. Figure 12 shows the degree of the
thrust in the side of the trough where burden is heavy. With any of the gradients, it is understood that as the
running velocity is increased, the degree of the thrust is also increased. Meanwhile as the transverse gradient
becomes steep, the degree of the thrust is also increased. However the degree of the thrust in case that the
transverse gradient is 1.5%, 2.0%, and 3.5% exhibits almost the same level, and can be expressed, it is
revealed, by the expression shown below.
y == 38.2 x + 7.1 (r2 == 0.957)
where y; the degree of the thrust (%) in case that the transverse gradient is 1.5%-- 3.5%.
x: the running velocity (km/h)
Figure 13 shows a relation between the degree of the thrust in the side of the crest and the running velocity.
The degree of the thrust takes a plus value in case that the transverse gradient is less than 3.5%, and takes a
minus value in case that the transverse gradient is more than 0.5%. As the running velocity is increased, the
absolute value of the degree of the thrust is made greater. This implies that as the velocity is heightened,
force is required even in case that the wheelchair is allowed to make progress to be controlled.
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Figure 14 shows the comparison of the influence that is caused by the transverse gradient and is to be
exercised on the thrust between in the side of the trough and in the side of the crest. A relation is shown
between the degree of the thrust on a point of velocity of 3km/hour obtained from Figures 12 and 13 and the
transverse gradient. However in case that the gradient is 0%, the mean value in the side of the crest and in
the side of the trough is designated as the standard thrust. It is evident that as the transverse gradient
becomes steep, the thrust in the side of the trough is increased. In the meantime, the thrust in the side of the
crest becomes decreased. This stems from the reason that the casters (front wheels) of the wheelchair rotate
horizontally because they are of the hinge structure so as to be free from running resistance as far as
possible, and come to be deviated from its regular course to be steered into a direction of the gradient as the
transverse gradient becomes steep. Thus a force allowing the wheelchair to be manipulated so that the front
wheels will not be deviated from its regular course is applied to the thrust allowing the wheelchair to run,
and the thrust in the side of the trough is increased.
In case that the transverse gradient is 5.0%, the wheelchair cannot make progress without the force as
much as 150% of the standard thrust. It is imagined from this that the aged or disabled people will find it
difficult to liberate themselves from many problems and troublesome matters. Furthermore in case that the
transverse gradient is steep enough to be 8.0%, wheelchair users will have hard time in making progress
without the force almost twice as much as the standard thrust.
1. 0% 1. 5% 2. 0% 3. 5% 5. 0% 8. 0%
Transverse gradient
100
80
~ 60
.~ 40
~
~ 20
o
1.0% 1. 5% 2.0%
Transverse gradient
2.7%
Figure 15 Evaluation of the transverse gradient
on a short course (L = 6m)
Figure 16 Evaluation of the transverse gradient
on a long course (L = 50m)
2 4 6 8 10
Transverse gradient (%)
_ 100 ,..-.--r--l.....-_r--------,r---_I""""""T'""----,
~
80 1----~--I------if---____iJ---------i
>.
~
...-4E 60 1----t-t-=-_t-----if-------::l~I---------i
c;: Degree of. difficul ty
~ 40 I--__I--__I----o-n ---tar--s.,...ho_r_t_c---t0urt--_se_-----i
~
Q) 20 1----I--I----_I----,"---1f----_I-------i
Q)
~
~ OL----F-~....._.==~L...--------l'---_L...--------'
o
Figure 17 Degree of difficulty on a short course and long course
Meanwhile as the degree of the force to be accepted in the side of the trough is increased, the thrust in the
side of the crest is decreased contrarily to the force in the side of the trough. However as the transverse
gradient becomes so steep that the degree of the front wheels being deviated from its regular course is made
greater, brake (the thrust in a reverse direction from the wheelchair rider's walk) comes to be applied so that
the degree will be upheld also in the side of the trough. Thus burden comes to be gradually applied in the
side of the crest. Since that time point on, the thrust in the side of the crest is denoted by minus with
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measurement units. Furthermore in case that the transverse gradient is steep enough to be 8%, it is
understood that the wheelchair users cannot but endure the burden where brake will have to be applied by
the force as powerful as approximately 80% of the standard thrust.
( 3) Evaluation result by the aged people using wheelchairs
By the information concerning the 40 aged people dealt with in Table 4, the short course (L = 6m,
transverse gradient = 0%, 1.0%, 1.5%, 2.0%, 3.5%, 5.0% and 8.0%) the same as the one used for the
measurement of the thrust was, first of all, evaluated. The evaluation result is illustrated in Fig. 15.
When the transverse gradient ~xceeded 2.0%, some people began to feel that "the wheelchair came to be
deviated from its regular course," and the sum of the number of those people who feel that "the wheelchair
came to be slightly deviated from its regular course" and "came to be deviated" exceeded the majority.
Furthermore when the transverse gradient exceeds 5.0%, some people came to find it difficult to run over
the running course completely. As a result, 80% of those people failed to finalize their running completely
when the transverse gradient was 8.0%.
At the next stage with the existing courses including walkways, a SOm-Iong course whose transverse
gradient is 1.0%, 1.5%, 2.0%, and 2.7% was evaluated by allowing a wheelchair to run over the course. The
result of the evaluation is illustrated in Figure 16.
When the transverse gradient was 1.0%, 100% of the aged people replied, "there is no problem." When the
gradient came to be 1.5%, the number of the aged people who replied, "there is no problem" amounted to
80%. Contrarily the number of the aged people who replied, "rather distressing" or "considerably
"distressing" amounted to more than 80% when the gradient is 2.0%. Thus great difference was noticed with
the feeling of burdensomeness when the transverse gradient was 1.5% and 2.0%.
Depicted in Figures 17 is a ratio brought about when the aged people in case of Figure 15 failed to run
over the short course completely. Also illustrated in the same figure is a relation between the degree of
disability designated by the aged people who evaluated it as "considerably distressing" in running over a
long course in Figure 16 and the transverse gradient.
From the result referred to above, it is understood that in case that the aged people run over the short
course and long course, feeling of burdensomeness is greatly difference in regard to the same transverse
gradient. That is to say, observation should be made by distinguishing the region where the transverse
gradient of the whole of the walkway is adequate from the region where the transverse gradient in a local
short segment such as the vertically cut down periphery of the walkway or roadway drive-in part is adequate.
In case of the former, less than 1.5% might be desirous. Meanwhile in case of the latter, it can safely be
said that less than 3.5% will be desirous. Incidentally it is understood from the measurement experiment of
the thrust referred to previously that 1.5% remains in a region where the balance of the thrust between in the
side of the crest and in the side of the trough is not destroyed drastically. In the meantime, less than 3.5%
remains in a region where the thrust in the side of the crest does not become minus.
In this connection, it is difficult to construct precisely the transverse gradient. For example, Nakagawa et
al.8) has judging from the measurement result of the transverse gradient of the walkway released a report in
purport that the maximum error containing the construction error which complies with the design value and
time variation is 0.39%.
Thus it should be proposed that on the assumption that the error is 0.5%, the design transverse gradient
should be lass than 1% as a whole, and should be less than 3% at a local basis.
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6. Result and Observation of the Experiment with which the Influence of the Longitudinal Gradient
is Examined
( 1) Measurement Result of the Thrust
Figs. 19 through 24 show the measurement result brought about in case that the test person the same as the
person dealt with in the measurement in Figs. 4 through 10 ascended the individual segments whose
longitudinal gradient is 0 ""- 12.0%. The dotted line in the individual figures indicates a right hand, whereas
the dotted line indicates a left hand. The same as with the case that the transverse gradient is 0%, there is a
tendency that the thrust of the right hand as a skillful helper becomes slightly greater. On the other hand, it
is understood that as the longitudinal gradient becomes steep as seen in Figures 20 through 24, the thrust
begins to be increased.
In case that the long~tudinal gradient is 8.0% and 12.0%, part of the waveform acts approximately 20 ""-
40N in a minus direction. This implies that the wheelchair becomes hard to be controlled as the gradient is
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Example of the waveform in case
the longitudinal gradient is 6.8 %
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Example of the waveform in case
the longitudinal gradient is 8 %
Figure 24
Example of the waveform in case
the longitudinal gradient is 12 %
made steep, and the burden heavy enough considerably for the aged people is applied onto them owing to
disturbance in manipulation, e.g. application
of brake.
( 2) Alignment and Observation of the Measurement Result of the Thrust
The same as with the case of transverse gradient, the mean value of the maximum thrust of the right and
left in case that the running velocity is 3.0km/h and longitudinal gradient is 0% is taken up as the standard.
From a relation between the degree of the thrust as the percentage with the said standard and the running
velocity, the measurement result was observed.
Figure 25 shows a relation between the degree of the thrust in case that the wheelchair ascended the
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segment whose longitudinal gradient is 0%, 2.0%, 5.0%, 6.5%, 8.0%, and 12% and the running velocity.
With any of the gradient, it is understood that as the running velocity is increased and as the longitudinal
gradient becomes steep, the degree of the thrust is also increased.
Figure 26 shows a relation between the degree of the thrust on a time point of the running velocity 3km
obtained from Figure 25 and the longitudinal gradient, with a view to examining the characteristics of the
thrust by the longitudinal gradient. When the longitudinal gradient is 6.5 %, the degree of the thrust becomes
almost as great as 160% of the time point of 0%. The said value is almost the same as the degree of the
thrust in the side of the trough in case that the transverse gradient is 5.0%. Thus it is apprehended that the
burden will be severe enough for the ~aged and disabled people.
( 3) Evaluation Result by the Aged People Using Wheelchairs
The longitudinal gradient of the roadway and the one of the walkway on the same measurement point of
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Example of the waveform in case
of the 5mm rectangular depth
Figure 32
Example of the waveform in case
of the 20mm rectangular depth
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Example of the waveform in case
of the lOmm rectangular depth
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the road is subjected to the influence of the factors including topography. It is difficult to improve the whole
of the longitudinal gradient of the walkway on places including a slope. Therefore in the problematic points
of the walkways at present in Table 3, an adequate range in the aged people in connection with the short
course such as "the swiveled part directed toward the walkway dropping part" was investigated.
The 40 aged people shown in Table 4 are selected as the test persons, and they were asked to ascend the
slope of a distance of L = 6m in the running course (L = I5mm, longitudinal gradient is 2.0%, 5.0%, 6.8%,
8.0%, and 12.0%) as with the case of the transverse gradient in connection with the longitudinal gradient.
The result obtained in this manner is illustrated in Figure 27.
When the longitudinal gradient exceeds 5.0%, some people begin to feel that the have hard time in passing
over the road. When the longitudinal gradient exceeds 6.5%, it is understood that the sum of the numbers of
"the persons who have hard time in passing over the road" or "who find it impossible to pass over the road"
exceed the majority. Furthermore when the longitudinal gradient is 8.0% and 12.0%, it is estimated that
almost all of the people find it impossible to pass over the road.
7. Relation Between the Thrust in the Side of the Trough and the Thrust in the Longitudinal
Gradient
Depicted in Figure 28 is the result obtained by comparing "the thrust in the side of the trough with the
transverse gradient" and "the thrust with the longitudinal gradient." When the gradients are the same, it is
understood that with respect to the burden of the wheelchair, the onet in the side of the trough with the
transverse gradient is greater than the thrust with the longitudinal gradient. Meanwhile the limitation for the
aged people is obtained when the degree of the thrust becomes more than 150%.
From the result referred to above, the longitudinal gradient on the short course is desirous to be such a one
of less than 5.0% where there is none of the aged people who cannot run over the running course
completely. Meanwhile even in case that things are beyond consideration owing to the affairs of the course,
it can safely be said that a longitudinal gradient of less than 6.5% allowing the aged people of 80 years old
can anyhow pass over the road is desirous.
From the measurement experimental result of the thrust referred to previously, it is shown that the degree
of the thrust is approximately 140% in case that the longitudinal gradient is 5.0%, and approximately 150%
in case that the value is 6.5%.
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8. Result and Observation of the Experiment Examining the Influence of the Walkway and Roadway
Boundary Depth of the Step
( 1) Measurement Result of the Thrust
Depicted in Figures 29 through 34 are the measurement results obtained when the test persons overcame
the depth of the step of 5 -..... 20mm by the wheelchair for measurement. In connection with these results, the
first wave is obtained when the front wheels overcame the depth of the step, whereas the waves following
the first one are obtained when the rear wheels overcame the depth of the step. The test persons are identical
with those people in case of Figures 4 through 10 and Figures 19 through 24. At this stage, the rectangular
depth of the step refers to the depth of the step devoid of chamfer, whereas the chamfer depth of the step
refers to the depth of the step in possession of the chamfer including the height of the said part. It is
understood that as the depth of the step becomes wide, the thrust is also made greater.
Figures 33 and 34 depict individually the depth of the step of 115mm and 20mm, and the height: width
indicates chamfering in case that height : width is 1 : 3. On this occasion as well, it is noticed that as the
depth of the step becomes greater, the thrust is increased. However when comparison is made with the
rectangular depth of the step, it is understood that the magnitude of the thrust is small enough to be 70 -.....
80%.
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( 2) Alignment and Observation of the Measurement Result of the Thrust
Different from the case of the transverse gradient and longitudinal gradient, the velocity in case that the
wheelchair overcomes the depth of the step is approximately 0.4 -- 0.6km and is so much separated from
the velocity in case of normal running that the thrust was integrated by time. After that, comparison was
made by the total momentum per hand (Ohrustxtime) in case that the front and rear wheels overcome the
depth of the step.
Figure 35 shows a relation between the rectangular depth of the step and the total momentum of 4 types of
the chamfering depth of the step of 1 : 1, 1 : 3m 1 : 4, and 1 : 8. The straight line of the theoretical value in
the figure was assessed from the relation between the potential energy in the individual depth of the step and
the work volume. For example, when chamfering is made by 1 : 3, it is noticed that by the momentum as
much as 50 -- 60% of the rectangular depth of the step, the wheelchair can overcome the depth of the step.
As the gradient of the chamfering becomes so gentle as to be 1 : 1 ~ 1 : 3 ~ I : 4 ~ 1 : 8, the total
momentum comes to be exponentially decreased. At 1 : 8, the momentum becomes lighter to the extant that
it is superposed onto approximately the straight line of the theoretical value.
As Fujii et al. are of the opinion that more than 20mm is required for the volume of the depth of the step
recognizable for the visually disabled people, the total momentum 154N • sec at the theoretical value at the
20mm time was taken up as the standard total momentum. Illustrated in Figure 36 is a relation between the
degree of the total momentum obtained by dividing the individual depth of the step by the said total
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momentum to express the divided value in percentage and the chamfer angle. The gradient of the chamfering
equivalent to 150% of the momentum as the theoretical value obtained in such a manner became
approximately 26°. In expressing in a height and width ratio, this became a gradient of approximately 1 : 2.
Meanwhile Figure 37 shows a depth of the step corresponding to the total momentum of the standard 150%
of the total momentum at the rectangular depth of the step, and its value became approximately 13mm.
( 3) Evaluation Result by the Aged People Using Wheelchairs
Figure 38 illustrates the evaluation result obtained when the rectangular depth of the steps (5mm, 10mm,
15mm, and 20mm) for the measureme~t of the thrust the same as the ones used by the 40 people shown in
Table 4 were overcome by the wheelchairs. When the depth of the step was 15mm;some aged people began
to find it difficult to overcome the depth of the step. When the depth of the step was 20mm, almost all the
people were unable to overcome the depth of the step.
Figure 39 illustrates the evaluation result obtained when the rectangular depth of the step the same as the
ones referred to before was overcome by the 20 healthy ordinary persons of 30 '""" 50 years of age who had
never experienced using wheelchairs. It is understood that although the healthy ordinary persons found it not
so difficult to overcome the depth of the step as the aged people did, more than half the number of the
healthy ordinary persons came to be unable to overcome the depth of the step when the depth of the step
was 20mm.
Figure 40 illustrates the evaluation result obtained when the chamfering depth of the step (10m, 15mm, and
20mm) of 1 : 1 was overcome by the aged people with the aid of the wheelchairs. When the depth of the
step was 15mm, chamfering made it possible for all the aged people to overcome the depth of the step.
Furthermore as a result of the above discussion, it is understood that even if the depth of the step was 20mm,
90% of the aged people managed to be able to overcome the depth of the step.
From these results, it is considered that: The limitation of the rectangular depth of the step all the aged
people are able to overcome is 10 '""" 15mm. With the chamfer depth of the step of 1 : 1, it is imagined that
the limitation of the depth of the step all the aged people are able to overcome is 15 '""" 20mm. In this
connection, the total momentum at that time is 175 '""" 275Nsec as depicted in Figure 41.
At the next stage, the gradient of the chamfer obtained in case that the degree 146% of the total momentum
obtained by dividing the median (225N • sec) in this total momentum range by the standard total momentum
(154N • sec) is approximately 24°as depicted in Figure 42. Furthermore the gradient in question, which was
expressed in height width ratio, was approximately 1 : 2.
From the above observation, no problem is found with the walkway and roadway limitation depth of the
step 20mm as dealt with in the existing stipulation15) in consideration of the walkway environment where
the aged or disabled people can go out without any anxiety. However deducing from the momentum
enabling the aged people to overcome, it can safely be said that it is desirous to be gentler than 1 : 2 with
the chamfer of the square part.
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